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IMAGE RESTORATION METHOD AND
IMAGE PROCESSING APPARATUS USING
THE SAME

BACKGROUND

1. Field of the Invention

The invention relates to an image restoration method and
an image processing apparatus using the same.

2. Description of Related Art

The visibility of the image captured in inclement weather
conditions, such as fog, sand, and mist, will be degraded,
since the suspended particles absorb and scatter specific
spectrums of light between the observed objects and the
camera. These images having degraded visibility lose con-
trast and color fidelity and are called as haze images.
Accordingly, these haze images may directly reduce the
performance quality of many systems, such as outdoor
object recognition systems, obstacle detection systems,
video surveillance systems, intelligent transportation sys-
tems and so on. That means, haze removal technique (or
dehazing technique) is highly desired in plenty of systems
using the haze image or video to achieve different functions.
Hence, numerous visibility restoration approaches have
been proposed to restore the visibility of the haze images in
order to improve system performance in the inclement
weather conditions. These visibility restoration approaches
can further be divided into three categories, which are
additional-information approaches, multiple-image
approaches and single-image approaches.

Additional-information approaches restore hazy images
by using given scene depth information obtain from either
an additional operation or use interaction, such as through
user operation to control camera positions and via a given
approximate 3D geometrical model. However, these addi-
tional-information approaches are not well-suited for real-
world application due to limitations placed on the acquisi-
tion of scene depth information by unknown geography
information and additional user operation. Besides, mul-
tiple-image approaches adopt at least two images of the
same scene, which are captured by using specific hardware,
such as a rotating polarizing filter, to effectively construct
the scene depth information and further achieve visibility
restoration of incoming hazy images. Unfortunately, the use
of these multiple-image approaches usually requires either
excessive hardware expense or special devices.

Recently, single-image approaches have been focused on
to restore the visibility of hazy images. Single-image
approaches are based on either strong assumptions or robust
priors, by which haze thickness is estimated by using only
a single image. For instance, since a haze-free image pos-
sesses evident contrasts compared with a hazy image, the
visibility of a hazy image may be restored by maximizing
local contrast of the hazy image. However, the images
restored by maximizing local contrast often feature serious
artifacts along depth edges. Besides, there is another method
to restore the visibility of hazy images by estimating the
albedo of a scene and inferring the transmission medium,
and it is accomplished via the assumption that the transmis-
sion medium and the surface shading are locally uncorre-
lated. Nevertheless, this method usually fails at restoration
when the incoming images contain heavy haze formation.

Further, with the exception of sky regions, an outdoor
haze-free image features at least one spectrum in the RGB
color channels that exhibits a very low intensity value within
patches of the image. Inspired by this observation, dark
channel prior (DCP) method has been proposed by which to

10

15

20

25

30

35

40

45

50

55

60

2

effectively estimate the thickness of haze information and
further restore scene radiance. Until now, the DCP method
has received the most attention due to its relative success in
restoring visibility in hazy images. Based on the dark
channel prior method, some improved DCP methods by
which to achieve visibility restoration in degraded images
captured in poor weather conditions are proposed.

One of the improved DCP methods explores the charac-
teristics of both the dark channel prior and the Multi-Scale
Retinex techniques to restore visibility in hazy images.
Another one of the improved DCP methods restores visibil-
ity through the use of the refined transmission map which
can be acquired by using the fast bilateral filter. The other
one of the improved DCP methods restores visibility by
adopting the three-time subtraction procedure to approxi-
mate the minimum value in the dark channel of hazy images.
As mentioned above, these DCP-based techniques focus on
refining the transmission map and can effectively produce
high-quality, haze-free images without generation of any
block effects for hazy image captured in foggy weather
conditions.

However, these DCP-based techniques mentioned above
usually fail in restoring the visibility of images whose haze
is the result of capture during sandstorm conditions. This is
due to the hindrance of restoration ability by color cast
problems and insufficient estimation of haze thickness.
Therefore, how to effectively restore haze images captured
in any condition has been an important goal to be achieved
by the persons skilled in the field.

SUMMARY

Accordingly, the present invention is directed to an image
restoration method and an image processing apparatus using
the same, which could overcome color cast problem and
insufficient estimation of haze thickness.

An image restoration method is introduced herein. The
method is adapted to an image processing apparatus. The
image restoration method is based on an optical model
formed by a transmission map, and the method comprises
following steps: receiving a haze image comprising a plu-
rality of pixels, wherein each of the pixels have a plurality
of color components corresponding to a plurality of color
channels; detecting whether a color cast phenomenon occurs
on the haze image; if yes, calculating a plurality of Laplacian
distribution values respectively corresponding to the color
channels; determining a maximum distribution value and a
minimum distribution value among the Laplacian distribu-
tion values, and generating a self-adaptive parameter by
comparing the maximum distribution value and the mini-
mum distribution value; adjusting the transmission map by
the self-adaptive parameter so as to generate a adjusted
transmission map; calculating a plurality of color parameters
respectively corresponding to the color channels according
to the Laplacian distribution values; and restoring the haze
image by using the color parameters and the adjusted
transmission map so as to obtain a restored image.

In one embodiment of the present invention, the optical
model is expressed as:

I(x)=Jx)t(x)+A(1-1(x)),

wherein I(X) represents the haze image, J(x) represents a
haze-free image, A represents the global atmospheric light,
x represents pixel location of the pixels, and t(x) represents
the transmission map. Besides, the transmission map t(x) is
expressed as:

t(x)=ePI®,



US 9,478,016 B2

3

wherein [} represents a scattering coefficient of the atmo-
sphere and d(x) represents scene depth information.

In one embodiment of the present invention, the step of
calculating the Laplacian distribution values respectively
corresponding to the color channels includes: determining a
calculating region of the haze image, wherein the calculating
region comprises, a plurality of representing pixels; deter-
mining a maximum color component of each of the repre-
senting pixels among the color components of each of the
representing pixels; respectively comparing the maximum
color component with each of the color components of each
of the representing pixels to obtain a plurality of color
differences of each of the representing pixels, wherein the
color differences are respectively corresponding to the color
channels; and calculating the Laplacian distribution values
respectively corresponding to the color channels base on the
color differences.

In one embodiment of the present invention, the calcu-
lating region is a region having the highest intensity in the
haze image.

In one embodiment of the present invention, the formula
for comparing the maximum color component with each of
the color components of each of the representing pixels to
obtain the color differences of each of the representing pixels
is expressed as:

AL)=IPHL)-F(L)),

wherein ¢ is an index of the color channels and ce{r,g,b},
A“(L)) represents the color differences respectively corre-
sponding to the color channels, L represents any one of the
representing pixels within the calculating region, I*4(L)
represents the maximum color component, and [°(L) repre-
sents the color components. The formula for calculating the
Laplacian distribution values base on the color differences is
expressed as:

PA(L)| ) = éZeXp{M}’

a
Les

wherein P(A“(L)IS) represents the Laplacian distribution
values respectively corresponding to the color channels, p
represents an ideal value of A“(L), o represents an optimum
parameter, and a represents the number of the representing
pixels in the calculating region S.

In one embodiment of the present invention, the self-
adaptive parameter is generated via dividing the maximum
distribution value by the minimum distribution value, and
the adjusted transmission map is generated via taking the
self-adaptive parameter as an exponent of the transmission
map being a radix.

In one embodiment of the present invention, the step of
calculating a plurality of color parameters respectively cor-
responding to the color channels according to the Laplacian
distribution values includes: respectively comparing the
maximum distribution value with each of the Laplacian
distribution values corresponding to the color channels so as
to obtain a plurality of chromatic adaptable parameters for
each of the color channels; and generating the color param-
eters respectively corresponding to the color channels base
on the chromatic adaptable parameters.

In one embodiment of the present invention, the formula
for generating the color parameters base on the chromatic
adaptable parameters is expressed as:
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wherein ¢ is an index of the color channels and ce{r,g.b}, °
represents the color parameters, v represents the chromatic
adaptable parameters respectively corresponding to the
color channels,

max /¢
¢

represents the maximum color component of each of the
color channels in the haze image.

In one embodiment of the present invention, the formula
for restoring the haze image by using the color parameters
and the adjusted transmission map so as to obtain the
restored image is expressed as:

a“(I°(x) — A)
max(? (x), 7o) *

€ AC
5

JOx) =

wherein ¢ is an index of the color channels and ce{r,g,b},
1°(x) represents the haze image, J°(x) represents the haze-
free image, A represents global atmospheric light, a.“ rep-
resents the color parameters, t'(x) represents the adjusted
transmission map, and the adjusted transmission map is
restricted by a lower bound t,.

In another aspect, the invention provides an image pro-
cessing apparatus for restoring a haze image based on an
optical model formed by a transmission map. The image
processing apparatus includes a storage unit and a process-
ing unit. The storage unit is configured to store a plurality of
modules, and the processing apparatus is coupled with the
storage unit to access and execute the modules recorded in
the storage unit. The modules include a haze thickness
estimation module and an image visibility restoration mod-
ule. The haze thickness estimation module is executed by the
processing unit to receive the haze image comprising a
plurality of pixels and detect whether a color cast phenom-
enon occurs on the haze image. Each of the pixels has a
plurality of color components corresponding to a plurality of
color channels. If yes, the haze thickness estimation module
is executed by the processing unit to calculate a plurality of
Laplacian distribution values respectively corresponding to
the color channels. The haze thickness estimation module is
executed by the processing unit to determine a maximum
distribution value and a minimum distribution value among
the Laplacian distribution values, and generates a self-
adaptive parameter by comparing the maximum distribution
value and the minimum distribution value. The haze thick-
ness estimation module is executed by the processing unit to
adjust the transmission map by the self-adaptive parameter
s0 as to generate an adjusted transmission map. The image
visibility restoration module is executed by the processing
unit to calculate a plurality of color parameters respectively
corresponding to the color channels according to the Lapla-
cian distribution values and to restore the haze image by
using the color parameters and the adjusted transmission
map so as to obtain a restored image.

Based on the above description, the embodiments of the
present invention provide an image processing method and
an image processing apparatus using the same. The method
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proposed in the present invention could overcome color cast
problem and insufficient estimation of haze thickness via the
conjunctive utilization of the haze thickness estimation
module and the image visibility restoration module. Spe-
cifically, the haze thickness estimation module based on the
Laplacian-based gamma correction technique is used to
avoid insufficient estimation of haze thickness in real-world
sandstorm conditions. The haze thickness estimation module
could effectively estimate the thickness of haze formation,
which subsequently refines the transmission map. The image
visibility restoration module based on the Laplacian-based
white patch-Retinex technique and refining the transmission
map of the optical model is used to effectively overcome
color cast problems and recover true scene colors. Hence, a
high-quality and haze-free image may be generated by the
image visibility restoration module. For images captured
under various climatic conditions, the efficacy of visibility
restoration of the present invention is superior to the other
DCP-based techniques.

In order to make the aforementioned features and advan-
tages of the present disclosure comprehensible, preferred
embodiments accompanied with figures are described in
detail below. It is to be understood that both the foregoing
general description and the following detailed description
are exemplary, and are intended to provide further explana-
tion of the disclosure as claimed. It also should be under-
stood, that the summary may not contain all of the aspect and
embodiments of the present disclosure and is therefore not
meant to be limiting or restrictive in any manner. Also the
present disclosure would include improvements and modi-
fications which are obvious to one skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion.

FIG. 1 is a schematic diagram illustrating an image
restoration system according to an exemplary embodiment
of the invention.

FIG. 2 is a block diagram illustrating an image processing
apparatus according to an exemplary embodiment of the
invention.

FIG. 3 is a flowchart illustrating an image restoration
method according to an embodiment of the invention.

FIG. 4 is a flowchart illustrating a method for calculating
the Laplacian distribution values according to an embodi-
ment of the invention.

FIG. 5 is an exemplary schematic diagram illustrating an
example of Laplacian distribution models corresponding to
different color channels.

FIG. 6 is a flowchart illustrating a method for calculating
a plurality of color parameters according to an embodiment
of the invention.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

Some embodiments of the present application will now be
described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all embodi-
ments of the application are shown. Indeed, various embodi-
ments of the application may be embodied in many different
forms and should not be construed as limited to the embodi-
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ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will satisty applicable legal
requirements. Like reference numerals refer to like elements
throughout.

FIG. 1 is a schematic diagram illustrating an image
restoration system according to an exemplary embodiment
of the invention. Referring to FIG. 1, the image restoration
system 10 includes an image processing apparatus 100 and
an image capturing apparatus 200 coupled to the image
processing apparatus 100. For instance, image restoration
system 10 may be an obstacle detection system, a video
surveillance systems, etc., which is not limited by the
invention. The image capturing apparatus 200 includes a
lens and a photosensitive element, the photosensitive ele-
ment is, for example, a charge coupled device (CCD), a
complementary metal-oxide semiconductor (CMOS) or
other device, the image capturing apparatus 200 may further
include an aperture, etc., which is not limited by the inven-
tion. In the embodiment of the invention, the image captur-
ing apparatus 200 may capture at least one haze image
Img H and transmit the haze image Img H to the image
processing apparatus 100. The image processing apparatus
100 may restore the haze image Img_H so as to generate a
restored image Img_R with clear visibility and vivid color.

Furthermore, FIG. 2 is a block diagram illustrating an
image processing apparatus according to an exemplary
embodiment of the invention. Referring to FIG. 2, the image
processing apparatus 100 includes a storage unit 110 and a
processing unit 120. The storage unit 110 is one or a
combination of a stationary or mobile random access
memory (RAM), read-only memory (ROM), flash memory,
hard disk, or any other similar device, and which records a
plurality of modules that can be executed by the processing
unit 120. The modules include a haze thickness estimation
module 111 and an image visibility restoration module 112.
The modules are, for example, programs which may be
loaded into the processing unit 120 to execute a function for
restoring visibility of the haze images.

The processing unit 120 is one or a combination of a
central processing unit (CPU), a programmable general- or
specific-purpose microprocessor, a digital signal processor
(DSP), a programmable controller, application specific inte-
grated circuits (ASIC), a programmable logic device (PLD),
or any other similar device. The processing unit 120 is
coupled to the storage unit 110. The processing unit 120 may
access and execute the modules recorded in the storage unit
110 to execute an image restoration method proposed in the
present invention, which would be introduced later.

In the exemplary embodiment, the haze thickness estima-
tion module 111 is first employed via a combination of the
Laplacian distribution model and gamma correction tech-
nique to refine the insufficient transmission map. Next, the
image visibility restoration module 112 is utilized, which is
based on a combination of the Laplacian distribution model
and white patch-Retinex theory to estimate the color param-
eters of the hazy image and further overcome color cast
problems in the restoration result. Finally, a restored (haze-
free) image may be generated by using the adjusted trans-
mission map and the estimated color parameters to
adequately remove atmospheric particles from the hazy
image. Details would be provided hereinafter.

FIG. 3 is a flowchart illustrating an image restoration
method according to an embodiment of the invention. The
method proposed in the present embodiment may be per-
formed by the image processing apparatus 100 of FIG. 2,
and the steps would be discussed with reference to the
elements illustrated in FIG. 2.
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It should to be noted that first, the image restoration
method in the present embodiment is based on an optical
model formed by a transmission map. In detail, the optical
model may be expressed as Eq.(1).

Ix)y=J@)i(x)+A(1-2(x)) Eq.(1)

In Eq.(1), I(x) represents the haze image captured by the
image capturing apparatus 200. J(x) represents the scene
radiance which may be regard as a haze-free image. A
represents the global atmospheric light. x represents pixel
location of the pixels in the images, and t(x) represents the
transmission map which is used to describe the non-scat-
tered light between the captured objects in the scene and the
image capturing apparatus 200. Note that the first term
J)t(x) and the second term A(1-t(x)) of Eq.(1) respectively
represent the direct attenuation and the airlight. The decay of
scene radiance J(x) may be described by direct attenuation,
which is subject to medium and scene depth information.

On the other hand, the airlight value usually suffers from
scattering and absorption by atmospheric particles, resulting
in scene color variation. When the atmosphere considered
here is assumed to be homogenous, the transmission map
t(x) can be expressed as Eq(2).

1(x)=e PG Eq.(2)

In Eq.(2), p represents the scattering coeflicient of the
atmosphere and d(x) represents the scene depth information
between the captured objects and the image capturing appa-
ratus 200. In the embodiment, the image restoration method
of the invention is on the basis of the optical model
expressed as Eq(1l), such that a restored image may be
generated based on the assumption of the optical model.

Referring to both FIG. 2 and FIG. 3, after the image
capturing apparatus 200 captures a haze image toward a
scene in a poor visibility environment, the haze thickness
estimation module 111 receives the haze image comprising
a plurality of pixels (Step S310), wherein each of the pixels
has a plurality of color components corresponding to a
plurality of color channels. In the embodiment, the color
channels may be red (R) color channel, green (G) color
channel and blue (B) color channel, such that each of the
pixels on the haze image may have red color component,
green color component and blue color component. Never-
theless, the color channels are not limited by the invention,
the color channels may be implemented in other states. For
instance, the color channels may be cyan color channel,
magenta color channel and yellow color channel in another
embodiment.

The haze thickness estimation module 111 detects
whether a color cast phenomenon occurs on the haze image
(Step S320). In the present embodiment, the color cast
detection technique is practiced to examine whether or not
color cast problems exist in the incoming hazy image. In
general, an image with a slight color cast possesses a high
Laplacian distribution value due to a smaller color variance
of the image content, whereas an image with a heavy color
cast possesses a low Laplacian distribution value due to the
large color variance of its content. The calculation of the
Laplacian distribution values respectively corresponding to
the different color channels will be interpreted thereinafter.
That is to say, whether the color cast phenomenon occurs on
the haze image may be detected according to the Laplacian
distribution values respectively corresponding to the differ-
ent color channels, but the invention is not limited thereto.
In another embodiment, whether the color cast phenomenon
occurs on the haze image may be detected according to other
standards.
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Hence, if the color cast phenomenon occurs on the haze
image is detected, the haze thickness estimation module 111
calculates a plurality of Laplacian distribution values respec-
tively corresponding to the color channels (Step S330). In
contrast, if the color cast phenomenon does not occur on the
haze image is detected, the image processing apparatus 100
may restores the haze image without adjusting the transmis-
sion map and calculating the color parameters (Step S390).
Namely, when an incoming haze image exhibits color cast
problem, the Laplacian distribution value of each RGB color
channel is calculated in the embodiment. More details about
calculating the Laplacian distribution values in step S330 are
discussed in FIG. 4. With reference to FIG. 4, FIG. 4 is a
flowchart illustrating a method for calculating the Laplacian
distribution values according to an embodiment of the
invention.

First, the haze thickness estimation module 111 deter-
mines a calculating region of the haze image, wherein the
calculating region comprises a plurality of representing
pixels (Step S331). In the present embodiment, the calcu-
lating region is a region having the highest intensity in the
haze image. Specifically, that calculating region consists of
the highest intensity values of the incoming haze image
which are selected from the top 0.1 percent brightest pixels
in its dark channel. Nonetheless, the calculating region may
be selected according to other rules and the size of the
calculating region may be may be determined according to
the actual application status, the invention is not limited
thereto.

Then, the haze thickness estimation module 111 deter-
mines a maximum color component of each of the repre-
senting pixels among the color components of each of the
representing pixels (Step S332). The haze thickness estima-
tion module 111 respectively compares the maximum color
component with each of the color components of each of the
representing pixels to obtain a plurality of color differences
of each of the representing pixels, wherein the color differ-
ences are respectively corresponding to the color channels
(Step S333). Finally, the haze thickness estimation module
111 calculates the Laplacian distribution values respectively
corresponding to the color channels base on the color
differences (Step S334).

In simplified way to say, the formula for comparing the
maximum color component with each of the color compo-
nents of each of the representing pixels to obtain the color
differences of each of the representing pixels is expressed as

Eq.(3).

ALY=PUL)-IE(L) Eq.(3)

In Bq.(3), ¢ is an index of the color channels and ce{r,g,b}.
A“(L)) represents the color differences respectively corre-
sponding to the color channels. L represents any one of the
representing pixels within the calculating region. I*4(L)
represents the maximum color component, and 1°(L) repre-
sents one of the color components of the representing pixels.

Base on above, the formula for calculating the Laplacian
distribution values base on the color differences is expressed
as Eq.(4).

[A“(L) — } Eq. 4

a

PO )= =Y expf

Les

In Eq.(4), P(A°(L)IS) represents the Laplacian distribution
values respectively corresponding to the color channels. [
represents an ideal value of A°(L), and o represents an
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optimum parameter. a represents the number of the repre-
senting pixels in the calculating region S. Moreover, 1 and
o may be defined as Eq.(5) and Eq.(6).

1 Eq. (5

= Y AL o
aLeS

1 Eq. (6

=S - o0
Les

In order to interrupt the invention more clearly, FIG. 5 is
an exemplary schematic diagram illustrating an example of
Laplacian distribution models corresponding to different
color channels. Referring to FIG. 5, FIG. 5 presents an
analysis of the Laplacian distribution models of two images
Img 1 and Img 2 captured during sandstorm conditions,
and which consequently feature color cast problems. It is
assumed that, the hazy image Img 1 represents an image
with thin haze formation, and the hazy image Img_2 repre-
sents an image with thick haze formation.

In addition, the Laplacian distribution model 52R of the
hazy image Img_1 is corresponding to the red color channel,
the Laplacian distribution model 52G of the hazy image
Img 1 is corresponding to the green color channel, and the
Laplacian distribution model 52B of the hazy image Img_1
is corresponding to the blue color channel. Similarly, the
Laplacian distribution model 54R of the hazy image Img_2
is corresponding to the red color channel, the Laplacian
distribution model 54G of the hazy image Img_2 is corre-
sponding to the green color channel, and the Laplacian
distribution model 54B of the hazy image Img_2 is corre-
sponding to the blue color channel. The Laplacian distribu-
tion values 521 and 541 are corresponding to the red color
channel. The Laplacian distribution values 522 and 542 are
corresponding to the green color channel. The Laplacian
distribution values 523 and 543 are corresponding to the
blue color channel.

As can be seen in the Laplacian distribution models 52R,
52G and 52B, when the Laplacian distribution value 521 of
the red color channel and the Laplacian distribution value
524 of the blue color channel possess a lower variation
value, the corresponding hazy image Img 1 will feature
only a slight color cast. In contrast, the Laplacian distribu-
tion values 541 to 543 that possess a large variation value
signifies an image that contains serious color cast problems,
as may be seen in the hazy image Img_2. That is to say, the
Laplacian distribution values 521 to 523 may present the
level of color cast in hazy image Img 1. Similarly, the
Laplacian distribution values 541 to 543 may present the
level of color cast in hazy image Img_2. It should be note
that, FIG. 5 is only an exemplary for illustrating the inven-
tion, but the invention is not limited thereto.

Back to the flowchart of FIG. 3, after obtaining the
Laplacian distribution values respectively corresponding to
each color channel, the haze thickness estimation module
111 determines a maximum distribution value and a mini-
mum distribution value among the Laplacian distribution
values and generates a self-adaptive parameter by compar-
ing the maximum distribution value and the minimum
distribution value for each (Step S340). In the embodiment,
the self-adaptive parameter is generated via dividing the
maximum distribution value by the minimum distribution
value, and the adjusted transmission map is generated via
taking the self-adaptive parameter as an exponent of the
transmission map being a radix. The haze thickness estima-
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tion module 111 then adjusts the transmission map by the
self-adaptive parameter so as to generate an adjusted trans-
mission map (Step S350).

Namely, the haze thickness estimation module 111 uses a
gamma correction technique with a self-adaptive parameter
to refine the insufficient transmission map which may be
generated by using DCP-based techniques based on the
optical model. Based on the Laplacian distribution values,
the self-adaptive parameter may be acquired according to
Eq.(7). Base on the principle of comparing the maximum
distribution value with the minimum distribution value,
Eq.(7) for generating the self-adaptive parameter by com-
paring the maximum distribution value and the minimum
distribution value is expressed as:

_PAM))S) Eq. (D

7= PER DTS

wherein y represents the self-adaptive parameter, P(A™(L)
IS) represents the maximum distribution value correspond-
ing to one of the color channels, and P(A™(L)IS) represents
the minimum distribution value corresponding to one of the
color channels.

Subsequently, the adjusted transmission map can be pro-
duced by taking the self-adaptive parameter as an exponent
of the transmission map being a radix according to Eq.(8),
wherein Eq.(8) for adjusting the transmission map by the
self-adaptive parameter so as to generate the adjusted trans-
mission map is express as:

/o) = zm(%)y,

Eq. (8)

wherein t'(x) represents the adjusted transmission map, t(x)
represents the transmission map, and I, represents the
maximum value of the pixels and could be set to 1. Note that
a generated self-adaptive parameter y that features higher
values indicates superior refinement efficacy in the insuffi-
cient transmission map t(x). It should be note that, the
refinement of the transmission map may solve the problem
in conventional restoration method, which is thickness esti-
mation may be influenced by the color cast phenomenon on
the haze images.

After the Laplacian distribution values are generated
during the haze thickness estimation stage, the image vis-
ibility restoration may be implemented based on the adjusted
transmission map and the Laplacian distribution values
calculated in the haze thickness estimation stage. Hence, the
image visibility restoration module 112 calculates a plurality
of color parameters respectively corresponding to the color
channels according to the Laplacian distribution values
(Step S360). More details about calculating the Laplacian
distribution values in step S360 are discussed in FIG. 6. With
reference to FIG. 6, FIG. 6 is a flowchart illustrating a
method for calculating a plurality of color parameters
according to an embodiment of the invention.

First, the image visibility restoration module 112 respec-
tively compares the maximum distribution value with each
of the Laplacian distribution values corresponding to the
color channels so as to obtain a plurality of chromatic
adaptable parameters for each of the color channels (Step
S361). The image visibility restoration module 112 then
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generates the color parameters respectively corresponding to
the color channels base on the chromatic adaptable param-
eters (Step S362).

Namely, image visibility restoration module 112 estimates
the color parameters of the hazy image via the Laplacian
distribution values in order to generate the chromatic adapt-
able parameters and recover scene color. According to the
Laplacian distribution values, the chromatic adaptable
parameters with higher values may indicate inconsistent
distributions of the color channels in the incoming haze
image. Based on this characteristic, the chromatic adaptable
parameters may be generated according to Eq.(9), wherein
Eq.(9) is expressed as:

_PAYW)1S) Eq. (9)

T PADIS)’

c

wherein v° represents the chromatic adaptable parameters
respectively corresponding to the color channels. P(A™(L)
IS) represents the maximum distribution value correspond-
ing to one of the color channels, and P(A°(L)IS) represents
the Laplacian distribution values corresponding to the color
channels.

For each RGB channel, the color parameters of the hazy
image may be generated by employing the white patch-
Retinex theory, which is based on the chromatic adaptable
parameters. These color parameters may be acquired as
Eq.(10), wherein Eq.(10) for generating the color parameters
base on the chromatic adaptable parameters is expressed as:

_ Ve Eq. (10)

max ¢’
¢

c

wherein ¢ is an index of the color channels and ce{r,g,b}, a°
represents the color parameters, v represents the chromatic
adaptable parameters respectively corresponding to the
color channels,

max ¢
¢

represents the maximum color component of each of the
color channels in the haze image.

Finally, the image visibility restoration module 112
restores the haze image by using the color parameters and
the adjusted transmission map so as to obtain a restored
image (Step S370). That is to say, a high-quality image may
be generated by the image visibility restoration module 112
via the conjunctive utilization of the color parameters and
the adjusted transmission map produced by the haze thick-
ness estimation module 111. The color parameters are incor-
porated into the restoration function for each RGB color
channel so as to define a new restoration function Eq.(11),
wherein Eq.(11) for restoring the haze image by using the
color parameters and the adjusted transmission map so as to
obtain the restored image may be expressed as:

Jx) = w + afAC
T max(?' (x), o) ’

Eq. (11)

wherein ¢ is an index of the color channels and ce{r,g,b},
I9(x) represents the haze image, J°(x) represents the haze-
free image, represents global atmospheric light, a“ repre-
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sents the color parameters, t'(x) represents the adjusted
transmission map, and the adjusted transmission map is
restricted by a lower bound t,.

Please take the hazy image Img_1 and the hazy image
Img 2 shown in FIG. 5 as an example again. The self-
adaptive parameters and the color parameters of the hazy
image Img_1 and the hazy image Img_2 may be obtained
after executing of Step S340 to Step S370 illustrated in FIG.
3 on the hazy image Img_1 and the hazy image Img_2. It can
be known based on the forgoing interpretation, the self-
adaptive parameter and the color parameters of the hazy
image Img_1 posses lower variation, since the hazy image
Img 1 feature only a slight color cast. In contrast, the
self-adaptive parameter and the color parameters of the hazy
image Img_2 posses higher variation, since the hazy image
Img 2 contain more serious color cast problem. Based on
this characteristic, the Laplacian distribution models may be
used for examining the color cast effects during sandstorm
conditions.

In the example of FIG. 5, due to the positive correlation
between serious level of color cast and insufficient estima-
tion of haze thickness in the transmission map, the trans-
mission map of the hazy image Img 1 requires superior
compensation efficacy when compared with the transmis-
sion map of the hazy image Img_2. In other words, due to
the fact that the hazy image Img_2 is affected by the color
cast effect more seriously, the self-adaptive parameters y of
the hazy image Img 2 is higher than the self-adaptive
parameter y of the hazy image Img_1 according to Eq.(7)
and Eq.(8). Hence, the transmission map of the hazy image
Img 2 requires more compensation, and the self-adaptive
parameter of the hazy image Img_2 is greater than the
self-adaptive parameter of the hazy image Img_1.

Furthermore, by observing the Laplacian distribution
models 52R, 52G, 52B, 54R, 54G and 54B, the RGB
channels become more inconsistent when color cast problem
is more serious under sandstorm condition. In other words,
the Laplacian distribution models 54R, 54G and 54B cor-
responding to RGB channels of the hazy image Img_2 are
more inconsistent than the Laplacian distribution models
52R, 52G and 52B corresponding to RGB channels of the
hazy image Img_1. Hence, due to the fact that the hazy
image Img_ 2 is affected by the color cast effect more
seriously, the color parameters o of the hazy image Img_2
possesses higher value for green and blue color channels
based on Eq.(9) and Eq.(10) when comparing with the color
parameters o.° of the hazy image Img_1.

To sum up, the embodiments of the present invention
provide an image restoration method and an image process-
ing apparatus using the same. In the method proposed in the
present invention, a novel Laplacian-based visibility resto-
ration approach is presented for restoration of degraded
images captured in inclement weather conditions, such as
fog and sandstorms. The proposed method adequately
removes haze formation and recovers vivid scene color in an
image. The insufficient transmission map is refined base on
Laplacian-based gamma correction so as to achieve effective
estimation of haze thickness. Besides, the method of the
invention equalizes each different color channel and subse-
quently overcome color cast problems in restored images.
Consequently, the proposed method may effectively produce
haze-free and vivid restoration results for degraded images
captured in varied weather conditions.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the invention without departing from the scope or spirit of
the invention. In view of the foregoing, it is intended that the
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invention cover modifications and variations of this inven-
tion provided they fall within the scope of the following
claims and their equivalents.

What is claimed is:

1. An image restoration method, wherein the image res-
toration method is based on an optical model formed by a
transmission map, and the method comprises:

receiving a haze image comprising a plurality of pixels,

wherein each of the pixels has a plurality of color
components corresponding to a plurality of color chan-
nels;

detecting whether a color cast phenomenon occurs on the

haze image;

if yes, calculating a plurality of Laplacian distribution

values respectively corresponding to the color chan-
nels;

determining a maximum distribution value and a mini-

mum distribution value among the Laplacian distribu-
tion values, and generating a self-adaptive parameter
by comparing the maximum distribution value and the
minimum distribution value;

adjusting the transmission map by the self-adaptive

parameter so as to generate an adjusted transmission
map;
calculating a plurality of color parameters respectively
corresponding to the color channels according to the
Laplacian distribution values; and

restoring the haze image by using the color parameters
and the adjusted transmission map so as to obtain a
restored image,

wherein the self-adaptive parameter is generated via

dividing the maximum distribution value by the mini-
mum distribution value, and the adjusted transmission
map is generated via taking the self-adaptive parameter
as an exponent of the transmission map being a radix.

2. The method as claimed in claim 1, wherein the optical

model is expressed as:

I(x)=Jx)t(x)+A(1-1(x)),

wherein I(x) represents the haze image, J(x) represents a
haze-free image, A represents the global atmospheric
light, x represents pixel location of the pixels, and t(x)
represents the transmission map,

wherein the transmission map t(x) is expressed as:

t(x)=ePI®,

wherein f§ represents a scattering coefficient of the atmo-
sphere and d(x) represents scene depth information.

3. The method as claimed in claim 1, wherein the step of

calculating the Laplacian distribution values respectively
corresponding to the color channels comprises:

determining a calculating region of the haze image,
wherein the calculating region comprises a plurality of
representing pixels;

determining a maximum color component of each of the
representing pixels among the color components of
each of the representing pixels;

respectively comparing the maximum color component
with each of the color components of each of the
representing pixels to obtain a plurality of color differ-
ences of each of the representing pixels, wherein the
color differences are respectively corresponding to the
color channels; and

calculating the Laplacian distribution values respectively
corresponding to the color channels base on the color
differences.
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4. The method as claimed in claim 3, wherein the calcu-
lating region is a region having the highest intensity in the
haze image.

5. The method as claimed in claim 3, wherein the formula
for comparing the maximum color component with each of
the color components of each of the representing pixels to
obtain the color differences of each of the representing pixels
is expressed as:

AYL)=1PUL)-F(L)],

wherein ¢ is an index of the color channels and ce{r,g b},
A“(L) represents the color differences respectively cor-
responding to the color channels, L. represents any one
of the representing pixels within the calculating region,
I (L) represents the maximum color component, and
1°(L) represents the color components,

wherein the formula for calculating the Laplacian distri-
bution values base on the color differences is expressed
as:

PAL)|$) = 2Zexp{w(lz+ﬂl}’

Les

wherein P(A“(L)IS) represents the Laplacian distribution
values respectively corresponding to the color chan-
nels, p represents an ideal value of A“(L), o represents
an optimum parameter, and o represents the number of
the representing pixels in the calculating region S.

6. The method as claimed in claim 1, wherein the step of
calculating the color parameters respectively corresponding
to the color channels according to the Laplacian distribution
values comprises:

respectively comparing the maximum distribution value

with each of the Laplacian distribution values corre-
sponding to the color channels so as to obtain a
plurality of chromatic adaptable parameters for each of
the color channels; and

generating the color parameters respectively correspond-

ing to the color channels base on the chromatic adapt-
able parameters.

7. The method as claimed in claim 6, wherein the formula
for generating the color parameters base on the chromatic
adaptable parameters is expressed as:

c
¢ Vv

max /e’
¢

wherein ¢ is an index of the color channels and ce{r,g b},
a° represents the color parameters, v° represents the
chromatic adaptable parameters respectively corre-
sponding to the color channels,

max /¢

represents the maximum color component of each of
the color channels in the haze image.

8. The method as claimed in claim 1, wherein the formula
for restoring the haze image by using the color parameters
and the adjusted transmission map so as to obtain the
restored image is expressed as:
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@°(I°(x) — A°)

T = 0 10)

+aA°,

wherein ¢ is an index of the color channels and ce{r,g,b},
I°(x) represents the haze image, J°(x) represents the
haze-free image, A° represents global atmospheric
light, o represents the color parameters, t'(x) repre-
sents the adjusted transmission map, and the adjusted
transmission map is restricted by a lower bound t,.

9. An image processing apparatus, for restoring a haze
image based on an optical model formed by a transmission
map, comprising:

a memory; and

a processor, coupled to the memory and configured for:

receiving the haze image comprising a plurality of
pixels, wherein each of the pixels has a plurality of
color components corresponding to a plurality of
color channels;

detecting whether a color cast phenomenon occurs on
the haze image;

if yes, calculating a plurality of Laplacian distribution
values respectively corresponding to the color chan-
nels;

determining a maximum distribution value and a mini-
mum distribution value among the Laplacian distri-
bution values, and generating a self-adaptive param-
eter by comparing the maximum distribution value
and the minimum distribution value; and

adjusting the transmission map by the self-adaptive
parameter so as to generate an adjusted transmission
map;

calculating a plurality of color parameters respectively
corresponding to the color channels according to the
Laplacian distribution values;

restoring the haze image by using the color parameters
and the adjusted transmission map so as to obtain a
restored image; and

generating the self-adaptive parameter via dividing the
maximum distribution value by the minimum distri-
bution value, and generating the adjusted transmis-
sion map via taking the self-adaptive parameter as an
exponent of the transmission map being a radix.

10. The image processing apparatus as claimed in claim 9,
wherein the optical model is expressed as:

I(x)=Jx)t(x)+A(1-1(x)),

wherein I(x) represents the haze image, J(x) represents a
haze-free image, A represents the global atmospheric
light, x represents pixel location of the pixels, and t(x)
represents the transmission map,

wherein the transmission map t(x) is expressed as:

t{x)=ePd®,

wherein f§ represents a scattering coefficient of the atmo-
sphere and d(x) represents scene depth information.
11. The image processing apparatus as claimed in claim 9,
wherein the processor determines a calculating region of the
haze image, wherein the calculating region comprises a
plurality of representing pixels,
wherein the processor determines a maximum color com-
ponent of each of the representing pixels among the
color components of each of the representing pixels,
respectively compares the maximum color component
with each of the color components of each of the
representing pixels to obtain a plurality of color differ-
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ences of each of the representing pixels, wherein the
color differences are respectively corresponding to the
color channels, and calculates the Laplacian distribu-
tion values respectively corresponding to the color
channels base on the color differences.

12. The image processing apparatus as claimed in claim
11, wherein the calculating region is a region having the
highest intensity in the haze image.

13. The image processing apparatus as claimed in claim
11, wherein the processor compares the maximum color
component with each of the color components of each of the
representing pixels to obtain the color differences of each of
the representing pixels according to:

AL)=IPHL)-F(L)),

wherein ¢ is an index of the color channels and ce{r,g b},
A“(L) represents the color differences respectively cor-
responding to the color channels, L. represents any one
of the representing pixels within the calculating region,
(L) represents the maximum color component, and
1°(L) represents the color components,

wherein the processor calculates the Laplacian distribu-
tion values base on the color differences according to:

PAS(L)|$) = 2Zexp{w(lz+ﬂl}’

Les

wherein P(A“(L)IS) represents the Laplacian distribution
values respectively corresponding to the color chan-
nels, p represents an ideal value of A“(L), o represents
an optimum parameter, and o represents the number of
the representing pixels in the calculating region S.
14. The image processing apparatus as claimed in claim 9,
wherein the processor respectively compares the maximum
distribution value with each of the Laplacian distribution
values corresponding to the color channels so as to obtain a
plurality of chromatic adaptable parameters for each of the
color channels, and generates the color parameters respec-
tively corresponding to the color channels base on the
chromatic adaptable parameters.
15. The image processing apparatus as claimed in claim
14, wherein the processor generates the color parameters
base on the chromatic adaptable parameters according to:

c
¢ Vv

max /e’
¢

wherein ¢ is an index of the color channels and ce{r,g b},
a° represents the color parameters, v° represents the
chromatic adaptable parameters respectively corre-
sponding to the color channels,

max /¢

represents the maximum color component of each of
the color channels in the haze image.

16. The image processing apparatus as claimed in claim 9,
wherein the processor restores the haze image by using the
color parameters and the adjusted transmission map so as to
obtain the restored image according to:
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sy TE@=AD | e
" max(? (%), 1o) ’

wherein ¢ is an index of the color channels and ce{r,g,b},
1°(x) represents the haze image, J°(x) represents the haze-
free image, A° represents global atmospheric light, o rep-
resents the color parameters, t'(x) represents the adjusted
transmission map, and the adjusted transmission map is

. 10
restricted by a lower bound t,.
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